Objective: This study aimed to determine the prevalence and relevance of incidental abdominal aortic aneurysm (AAA) on routine abdominal computed tomography (CT) and to audit the performance of radiologists to identify and report AAA.
Abdominal aortic aneurysm (AAA) is a life-threatening disease that can be treated effectively through surgical intervention if it is detected before rupture. However, detection of AAA can be difficult. Most are asymptomatic, and detection by physical examination of the patient is usually possible only if the aneurysm is large and may already be at high risk of rupture. Screening for AAA saves lives. 1 It can be carried out successfully in large communities and across the population of whole countries. 2 However, it requires structured, dedicated programs to recruit large numbers of subjects and to carry out diagnostic procedures such as abdominal ultrasound, with significant costs. There is currently no policy for AAA screening in most countries, including New Zealand, although awareness of the international research evidence for screening is high. 3 Increasing numbers of people are having abdominal computed tomography (CT) scans for a variety of reasons and as a consequence have the aorta imaged. Routine abdominal CT scans provide an opportunity for radiologists to measure aortic diameter and to detect asymptomatic incidental AAAs. In these circumstances, incidental AAAs are reported to occur in 1% of abdominal imaging procedures. 4, 5 However, they appear to be poorly monitored and inconsistently reported. This is presumably because the aorta may not be the primary focus of a radiologist reporting the scan, especially if there is a small aneurysm or there is more important disease to evaluate elsewhere in the scan. As a result, an AAA may be overlooked and remain undetected. Another implication of abdominal CT is that the report of a normal-sized aorta is reassuring and excludes the need for numerous subjects to participate in any further AAA screening imaging strategy. In this study, we aimed to determine the prevalence and relevance of AAA on routine abdominal CT and to audit the reliability of the radiologist to identify and report AAA. We also discuss the implication for abdominal CT in AAA screening programs in the community.
METHODS
A retrospective audit was performed of all abdominal CTs performed on men and women $50 years from January 1, 2013, to August 9, 2014. The abdominal CTs were identified in the Dunedin Hospital Radiology Information System and were performed with standard techniques (helical CT, 5-mm slices performed supine, including both contrast and noncontrast studies). The study was approved as a clinical audit by the University of Otago Ethics Committee (Health), and individual consent was not required.
After the removal of 1609 repeated scans, the cohort contained 3332 abdominal CT scans. In addition, scans were excluded on the basis of the following criteria: any abdominal CT scan in which the infrarenal aorta was not completely visualized distal to the renal artery and proximal to the aortic bifurcation (49); and previous AAA repair/abdominal CT scan for workup of intervention of AAA (endovascular or open, 37). A total of 3246 abdominal CT scans remained to be measured. Two of the authors evaluated the scans using picture archiving and communication system workstations (IDS5 and IDS7; Sectra, Linköping, Sweden). Under standard reporting conditions, the slice of each CT scan showing the maximum infrarenal aortic diameter was identified visually. The field of view was magnified (Â3), and axial and sagittal anteroposterior measurements were completed using the electronic caliper tool. The scans were heterogeneous and included both contrast and noncontrast studies.
The CT scans of the entire cohort were measured by S.A. All those with an infrarenal aorta of $27 mm as well as 10% of all the scans <27 mm were also measured by R.C. The two observers were blinded throughout the data collection process. Aortas with a diameter of $30 mm were deemed to have an AAA. All measurements were taken from the outer adventitia to the diametrically opposite outer adventitia (antipodal point), with the line of measurement passing through the center of the aorta. Measures were compared for quality control using the k statistic for diagnosis of AAA and Bland-Altmann comparison of aortic size measurement. Where there was discordant measure at the 30-mm cutoff for AAA, the mean value was used and if not, adjudication of a third assessor (A.M.vR.).
Data obtained from the radiology report were patient demographics, the indication for and urgency of the CT scan, and the primary diagnosis determined from the scan. Any reference to aortic size or recommendation for referral to the vascular service was also noted.
The clinical context of each AAA was assessed for the clinical relevance of the AAA diagnosis by reviewing each medical record and subsequent outcome during 2 years (A.M.vR.). The AAA diagnosis was considered to be clinically relevant if the patient could benefit from participating in a surveillance program or proceeding to surgical intervention. Diagnosis was not clinically relevant in the context of uncontrolled malignant disease, frailty, and age, for which future treatment would be an inappropriate option, or when the AAA will not reach 55 mm in the individual's expected lifetime. This was further corroborated with the treating physician or the family practitioner in the community.
RESULTS
There were 3246 patients with a mean age at the time of scanning of 70.5 6 10.8 years (range, 50-98 years). Of the cohort, 1700 patients (52.4%) were female, with an average age of 71.0 6 11.0 years (range, 50-98 years), and 1546 (47.6%) were male, with an average age of 70.2 610.7 years (range, 50-95 years). The mean axial aortic diameter was 21.7 mm (standard deviation, 6.4 mm; range, 11.0-91.2 mm). The size distribution is shown in Fig 1. There were 187 AAAs detected, resulting in an AAA prevalence of 5.8%. In women, the prevalence of AAA was 3.1%, whereas in men, it was 8.7%. AAA prevalence was lowest in the 50-to 64-year age group at 1.5% and increased with age, being greatest in those >75 years at 11.4% (Table I ). The patients with AAA had an average age of 78.5 6 8.8 years (men, 77.8 6 9.2 years; women, 80.3 6 7.7 years), which was significantly greater than that of those with a normal-sized aorta (70.2 6 10.8 years; P < .001). Proportionally more patients with AAA were male; the male to female AAA ratio was 2.6:1.
Whether the scans were done urgently for an acute condition (1373 [42.3% of scans]) or as an elective study (1873 [57.7%]) influenced the prevalence of AAA; urgent scans had an AAA prevalence of 7.2% (99 AAAs) compared with 4.7% (88 AAAs) in the nonurgent (P ¼ .003).
The type of condition for which CT was requested did not influence the prevalence significantly, although the prevalence of AAA was greatest for CT indicated for investigation of abdominal pain (7 (Fig 2) .
Reporting of AAAs by radiologist. Of the 187 patients with infrarenal AAAs, 122 (65%) had the AAA reported by the radiologist. All of the AAAs identified to have a maximum aortic diameter >50 mm were reported by the radiologist, but the proportion reported decreased as the AAA size decreased and was least (52% reported) for those 30 to 39 mm in maximum diameter (Table II) . Urgency may affect this too as failure to report AAA was greater for acute scans (77% unreported) than for elective scans (58% unreported; P < .05).
Of the 122 reported AAAs, 18 (15%) were recommended for referral to the vascular service or discussed directly with the vascular team. Five were ruptured and one was an impending rupture at the time of the scan. The others were large at >50 mm in diameter (12) and likely to need more prompt attention. The remaining 104 (85%) reports did not recommend referral to a vascular service. Those that were not reported as AAAs (65) were also not referred to a vascular service. No ruptures were identified in this group.
Clinical relevance of identified AAA. Of the 187 identified AAAs, 133 (71%) were determined to be clinically relevant after taking into account the clinical context and other comorbidities and social factors. The prevalence of clinically significant AAA in this study was therefore 4.1%. This included those larger aneurysms for which interventions were considered and carried out (18) or declined (4) and those for which referral to the AAA surveillance program was appropriate. Of these AAAs, 22 Values are reported as % (n/N). 
DISCUSSION
In this study, we have shown that there is a significant prevalence of AAA (5.8%) in men and women $50 years undergoing routine abdominal CT scans. Whereas for some the detection will provide no clinical benefit because of palliative care or other comorbidities that preclude intervention, most would benefit from treatment or surveillance with a vascular clinical service. Taking this into account, the prevalence of clinically relevant AAAs in this study was 4.1%. Compared with prevalence in other studiesdfor example, the 1.3% prevalence in the National Screening program in the United Kingdom of men aged 65 years and older, an AAA ultrasound community screening program; or the 3.5% prevalence in opportunistic screening programs with cardiac echocardiography (men and women $50 years) 6 ; or the 6.1% prevalence with CT colonography in men $55 years 7 dwe can see that simple attention to the aorta in all comers having abdominal CT yields comparable prevalence.
There are some additional merits to this approach, as our cohort included significant at-risk cohorts not usually part of the larger targeted population for ultrasoundbased screening programs. In particular, patients aged 50 to 64 years are often not included primarily because the prevalence of AAA in this group is thought to be too low to justify screening. 8 A low prevalence of AAA in this age group was confirmed in our study at 1.5% overall and 2.7% for men. Nationally, the proportion of AAArelated deaths has been reported to be 6.4% for those <65 years. 3 This is a significant group of younger lives that might be saved by early detection of AAA. This study supports including those younger than 65 years for the evaluation of aortic size in routine abdominal CT for detection of incidental AAA. Our cohort also included women, who are not typically included in ultrasound-based AAA screening programs, for the same reason that prevalence of AAA is thought to be too low. 9 The prevalence of AAAs in women in this study was 3.1%, which is significant and higher than in most other detection cohorts. This approach to detection in women is therefore an attractive opportunity. The frequent exclusion of women from screening contravenes the spirit of equity of access, particularly because rupture and death from AAA occur in significant numbers in women and in smaller AAAs, and AAA repair in women results in poorer outcomes. 10 Whereas the prevalence of AAA in both of these groups (those aged 50 to 64 years and women) is lower than the prevalence of AAA in the entire cohort (5.8%), it is well within the range estimated for typical ultrasound-based AAA screening to be cost-effective (eg, 0.35% based on current screening program costs).
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Overall, the prevalence in most subgroups in this study is higher than expected. For example, the prevalence in all men $65 years of 12.1% is high. The reason for such high prevalence in patients requiring abdominal CT is not clear. It may be due to their having more risk factors for AAA, such as smoking, but this was not addressed in the study, and we could not identify any specific diagnostic group that might reflect these greater risks. The age profile of the cohort may be relevant as the risk for development of an AAA increases with age, 8 and this was evident in our study. However, the age-adjusted prevalence did not account for this. It is also possible that the population prevalence of AAAs is significantly higher in our community, but other focused ultrasound screening efforts in this same community would suggest this is not the case. 12 An important point is that abdominal CT is a diagnostic modality for patients in whom symptomatic AAA is part of the differential diagnosis, and therefore detection of an AAA is not entirely incidental. This would possibly account for scans in the acute setting having a higher prevalence and also scans for abdominal pain finding the most AAAs for any diagnostic group. Even so, in this group, the majority of AAAs were incidental and unrelated to the primary diagnosis.
The greatest advantage of the opportunistic approach to identifying AAAs with abdominal CT over other opportunistic or focused approaches to screening is the low cost. There are no recruitment or imaging costs for the opportunity. The additional attention in reading and reporting costs should be relatively modest. Therefore, the prevalence of AAA is no longer the prime determinant of feasibility and cost-effectiveness. Our study identified the equivalent of 143 AAAs/annum/100,000 of the population >50 years. This occurred by scanning 3.8% of the at-risk population/year in our region on a background of increasing numbers of abdominal CT scans in the community. 13 In our community hospital, the number of publicly funded abdominal CT scans in men and women $50 years of age has increased by 49% from 2008 (1945 scans) to 2014 (2903 scans; Dunedin Hospital Radiology Information System search). In England's National Health Service, the growth in numbers of CT scans from 2012 to 2015 increased 27% from 3.3 million to 4.2 million per year. 14 The proportion of the population already having been scanned by the age when AAA develops is therefore increasing significantly. For the detection rate of incidental AAA to be optimal, there will need to be some improvements in reading and reporting of the scans. Aneurysms >45 mm are reliably reported, but a miss rate of 35% is largely attributable to smaller aneurysms (Table II) , especially those at the cutoff of 30 mm. A number of these will be the result of the radiologist's using visual recognition to conclude that aortic size is normal and therefore resorting to using an electronic caliper tool only if the aorta appears enlarged. In these scans, the primary focus is to look for a specific disease based on the patient's presentation, so an incidental asymptomatic small AAA may be more likely to be overlooked. This was more likely for urgent scans.
If routine abdominal CT scan AAA detection is to be improved, a lower size threshold for visual recognition and use of the electronic caliper tool would be needed. A greater awareness of the low cutoff at 30 mm to define AAA and the benefit of surveillance programs may influence this. Focusing only on conditions that might have greater prevalence of AAA has no merit. This shift to a "screening" mindset will have implications for reporting efficiency and some cost implications.
All infrarenal aortas measured with a diameter $30 mm should be reported as AAAs and referred for further management. Once an AAA is detected and reported, there also needs to be effective triage and referral into a good management pathway to surveillance and treatment. Not all incidental AAAs are relevant to the patient's future (about 25% as demonstrated in this study). Whereas this distinction is sometimes obvious (eg, palliative care or a small AAA in the very elderly), this is not always the case. A small AAA in a CT scan after curative cancer treatment may become a life-threatening event in later years. Whereas access to treatment services for larger AAAs is well developed, access to cost-effective surveillance programs is less so. Sensible intervals for surveillance, reliable recall, and low-cost scanning options are essential components. 1, 15, 16 We do not want to suggest that opportunistic scanning of the abdominal aorta replaces the need for communitybased screening programs for AAA, but rather this is an important adjunct. CT of the abdomen is an increasingly widely used investigation and with negligible added attention and cost is able to examine aortic size. In planning of community AAA screening programs and calculating prevalence and identifying at-risk populations, taking into account prior exposure to opportunistic imaging will substantially reduce the number of scans. In our study, whereas 187 AAAs were found, >3000 aortas were normal and would not need to be screened in a community program. Invitations to participate in an AAA screening program should exclude persons already scanned for other reasons and with other modalities to substantially reduce the numbers needing to be screened.
CONCLUSIONS
We consider abdominal CT to be an important adjunct to any national AAA ultrasound screening strategy.
Detection of small AAAs on routine abdominal CT is achievable with improved reporting by radiologists and referral systems. Those with normal-sized aorta also do not require further screening. Each normal CT scan has the potential to save a screening ultrasound examination.
